Liprin-␣/SYD-2 is a family of multidomain proteins with four known isoforms. One of the reported functions of liprin-␣ is to regulate the development of presynaptic active zones, but the underlying mechanism is poorly understood. Here we report that liprin-␣ directly interacts with the ERC (ELKS-Rab6-interacting protein-CAST) family of proteins, members of which are known to bind RIMs, the active zone proteins that regulate neurotransmitter release. In vitro results indicate that ERC2/CAST, an active zone-specific isoform, interacts with all of the known isoforms of liprin-␣ and that liprin-␣1 associates with both ERC2 and ERC1b, a splice variant of ERC1 that distributes to both cytosolic and active zone regions. ERC2 colocalizes with liprin-␣1 in cultured neurons and forms a complex with liprin-␣1 in brain. Liprin-␣1, when expressed alone in cultured neurons, shows a partial synaptic localization. When coexpressed with ERC2, however, liprin-␣1 is redistributed to synaptic sites. Moreover, roughly the first half of ERC2, which contains the liprin-␣-binding region, is sufficient for the synaptic localization of liprin-␣1 while the second half is not. These results suggest that the interaction between ERC2 and liprin-␣ may be involved in the presynaptic localization of liprin-␣ and the molecular organization of presynaptic active zones.
The active zone is a specialized presynaptic plasma membrane region where synaptic vesicles dock and fuse. The cytoskeletal matrix assembled at active zones (CAZ) 1 is a complex proteinaceous structure implicated in the organization of the site of neurotransmitter release (1, 2) , but little is known regarding the molecular mechanisms by which the CAZ is formed and maintained.
Liprin-␣ is a family of multidomain proteins with four known isoforms (3, 4) . Liprin-␣ was originally isolated as a binding partner of the LAR receptor protein tyrosine phosphatase (3) . The presynaptic function of liprin-␣ was first demonstrated by a study on syd-2 (for synapse-defective), a Caenorhabditis elegans homolog of liprin-␣ (5). Deletion of syd-2 was found to result in the lengthening of the presynaptic active zones and impaired synaptic transmission (5) . In addition, mutations in the Dliprin-␣ gene, a Drosophila homolog of liprin-␣, led to changes in the size and shape of active zones (6) , suggesting that liprin-␣ regulates the formation and/or maintenance of presynaptic active zones.
However, the question remains as to how liprin-␣ regulates presynaptic development. Previous results suggest that the three following mechanisms may be involved. First, liprin-␣ associates with active zone components. Liprin-␣ directly interacts with RIMs (7), active zone proteins that regulate neurotransmitter release (8, 9) , and is indirectly linked to the active zone protein Piccolo/aczonin through GITs (10 -14) , which are GTPase-activating proteins for ADP-ribosylation factor small GTPases (15) . Second, liprin-␣ may regulate membrane traffic at the active zone. In support of this hypothesis, liprin-␣ distributes to both cytosolic and active zone regions (10, 16) . ARFs that are negatively modulated by liprin-␣-binding GITs are expressed in neurons (17) and are known to regulate membrane traffic and the actin cytoskeleton (18) . Third, we recently reported that liprin-␣ associates with KIF1A (19) , a neuronal kinesin motor protein (20) . This suggests the possibility that liprin-␣ may be involved in the KIF1A-mediated long range transport of active zone components in neurons. However, additional data may be needed for a more comprehensive understanding of the liprin-␣-dependent regulation of presynaptic development.
Recently, a novel family of active zone proteins termed ERC (ELKS-Rab6-interacting protein-CAST) with two known members (ERC1 and ERC2/CAST) was identified as a binding partner of RIMs (21) (22) (23) (24) . There are two known splice variants of ERC1 that differ at their C termini (ubiquitous ERC1a and brain-specific ERC1b), whereas no splice variants are known for the brain-specific ERC2 (21, 22) . Intriguingly, ERC1b and ERC2 show different subcellular distribution patterns in neurons. ERC1b is expressed as a cytosolic protein as well as an active zone component, whereas ERC2 is an active zone-specific protein (22) . Despite this difference, both ERC1b and ERC2 share a common motif at their C termini (the class II PDZ domain binding motif) through which they interact with the PDZ domain of RIMs (21, 22) . Functionally, a RIM1 mutant lacking the PDZ domain showed a reduced presynaptic targeting in cultured neurons, suggesting that ERC2 may play a role in the presynaptic localization of RIM1 (21) . In addition, ERC1 interacts with Rab6 (22, 23) , a small GTPase that is implicated in the regulation of post-Golgi membrane traffic in neurons (25) , suggesting that ERCs may regulate membrane traffic at the active zone. However, other than their association with RIMs, little is known of the role of ERCs in the organization of the active zone.
Here, we provide in vitro and in vivo evidence that ERCs associate with liprin-␣ and we demonstrate that active zonespecific ERC2 promotes the synaptic accumulation of liprin-␣ in cultured neurons. These results suggest that the ERC-liprin-␣ interaction is involved in the presynaptic localization of liprin-␣, active zone assembly, and perhaps in the regulation of membrane traffic at the active zone.
EXPERIMENTAL PROCEDURES
Yeast Two-hybrid Screen and Assays-Two-hybrid screen and assays were performed as described previously (26) . Bait liprin-␣4 (the region corresponding to aa 351-1202 of liprin-␣1) and full-length GIT1 (aa The numbers above the domain structure indicate boundaries. The PDZ domain binding motif at the C terminus is indicated by a vertical black line. The regions that antibodies 1292, 1296, and 1284 were raised against are indicated as dotted lines below the domain structure. HIS3 activity: ϩϩϩ (Ͼ60%); ϩϩ (30 -60%); ϩ (10 -30%), Ϫ (no significant growth); ␤-galactosidase (␤-gal): ϩϩϩ (Ͻ45 min), ϩϩ (45-90 min), ϩ (90 -240 min), Ϫ (no significant ␤-gal activity). B, minimal ERC-binding region in liprin-␣1. Deletion variants of liprin-␣1 in pGAD10 were tested for binding to ERC2 (aa 1-701), GIT1 (full-length), and GRIP2 (aa 447-749, PDZ4 -6) in pBHA in the yeast two-hybrid assay. Note that the minimal GIT-binding region was further narrowed down to aa 603-673 from the previously reported minimal region (aa 513-673) (10) . RB, RIM-binding region; EB, ERCbinding region; GB, GIT-binding region; S, SAM domain. The regions that antibodies 1288 and 1290 were raised against are indicated as dotted lines. C, interaction of ERC2 with all of the known isoforms of the liprin-␣ family. ERC2 (aa 1-701) in pBHA along with controls (ERC2 aa 833-957 as negative control; GIT1 full-length as positive control) were tested for binding to liprin-␣ isoforms (liprin-␣1, liprin-␣2, liprin-␣3, and liprin-␣4) in pGAD10 in the yeast two-hybrid assay. The indicated results are from ␤-gal assays. Essentially identical results were obtained from HIS growth assays.
1-770) in pBHA have been described previously (10 to aa 351-1202 of liprin-␣1) in pGAD10 have been described previously (10) . All of the constructs were verified by nucleotide sequencing.
Expression Constructs-Full-length ERC2/KIAA0378 (aa 1-957) was subcloned into the KpnI-EcoRI site of GW1 vector (British Biotechnology). For EGFP-tagged ERC2 and liprin-␣1 constructs, the following regions were subcloned into pEGFP-C1: ERC2 (aa 1-957, 1-954, 1-693, and 773-957, EcoRI-BamHI) and ERC1b/KIAA1081 (aa 1-992, fulllength, EcoRI). The following expression constructs have been described previously: pMT2 HA-tagged liprin-␣1 and liprin-␣2 (3) and GW1 Myctagged GRIP1 and GRIP2 (27) .
Antibodies-The following fusion proteins were used for the generation of the following polyclonal antibodies: GST-ERC2 (aa 427-698; 1292 rabbit and 1296 guinea pig); H 6 -ERC2 (aa 725-957; 1284 rabbit); GST-liprin-␣1 (aa 513-673; 1288 rabbit and 1290 guinea pig); and H 6 -GKAP (clone 2.1 region in GKAP; 1243 guinea pig) (28) . Specific antibodies were affinity-purified using immunogens immobilized in polyvinylidene difluoride membranes. The following antibodies have been described: EGFP 1173 guinea pig (10); EGFP 1167 rabbit (29); GIT1 1177 (10); Piccolo 1203 (12); Shank 3856 (30); GRIP2 1757 (31); and PSD-95 SM55 (29) . Other antibodies were obtained from the following sources: HA (Roche Applied Science), RIM (Transduction Laboratories), Myc 9E10 (Santa Cruz Biotechnology), FLAG (Sigma), and His-probe (Santa Cruz Biotechnology).
GST Pull-down, Immunoprecipitation, and Coclustering Assays in Heterologous Cells-For GST fusion proteins, the following regions of liprin-␣ were subcloned into pGEX-4T-1 (Amersham Biosciences): liprin-␣1 (aa 351-512, 513-673, and 351-673, BamHI and EcoRI); liprin-␣2 (aa 369 -696, XhoI-EcoRI); liprin-␣3 (aa 333-645, EcoRI); and liprin-␣4 (the region corresponding to aa 351-673 of liprin-␣1, BamHIEcoRI). For hexahistidine fusion proteins containing ERC2, aa 1-957 and aa 725-957 of ERC2 were subcloned into the BamHI-EcoRI site of pET32a (Novagen) and pRSETB (Invitrogen), respectively. GST pulldown assays were performed as described previously (12) . For immunoprecipitation, lysates of HEK293T cells transfected with EGFP-ERC2 and/or HA-liprin-␣1 constructs were extracted in phosphate-buffered saline containing 1% Triton X-100, immunoprecipitated with HA (3 g/ml) or EGFP (1173, 3 g/ml) antibodies, and immunoblotted with EGFP (1167, 1 g/ml) and HA (1 g/ml) antibodies. Coclustering assay was performed as described previously (26) .
Immunoprecipitation in Rat Brain-In vivo coimmunoprecipitations were performed as described previously (32) . Deoxycholate extracts of the crude synaptosomal fraction of adult rat brain were immunoprecipitated with liprin-␣1 (1288, 5 g/ml), ERC2 (1292, 5 g/ml) or ERC2 (1296, 5 g/ml), and rabbit or guinea pig IgG (5 g/ml) antibodies. Immunoblotting of the immunoprecipitates was performed using the following antibodies: liprin-␣1 (1288, 1 g/ml); ERC2 (1292, 1 g/ml); GIT1 (1:2000); GRIP2 (1 g/ml); RIM (1 g/ml); GKAP (1 g/ml); and PSD-95 (1:1000).
Neuron Culture, Transfection, and Immunocytochemistry-Cultured hippocampal neurons were prepared from embryonic (E18) rat brain as described previously (33) . For double immunofluorescence staining, cultured neurons were incubated with combinations of ERC2 (1292; 1 g/ml), liprin-␣1 (1288) and liprin-␣1 (1290, 2 g/ml), Shank (3856, 1:300), and Piccolo (1203, 1 g/ml) antibodies followed by Cy3-or fluorescein isothiocyanate-conjugated secondary antibodies (Jackson Immunoresearch). For targeting experiments, neurons were transfected at 5 days in vitro (DIV) using mammalian transfection kit (Stratagene). Two days after transfection (DIV 7), neurons were fixed with cold 100% methanol for 15 min and incubated with primary and secondary antibodies in phosphate-buffered saline containing 3% horse serum, 0.1% crystalline grade BSA, and 0.5% Triton X-100. The following antibodies were used for the immunocytochemistry of transfected neurons: EGFP (1173, 1 g/ml), HA (1 g/ml), Piccolo (1203, 1 g/ml), and ERC2 (1292, 1 g/ml).
Image Acquisition and Quantitative Analysis-Fluorescent images were acquired using confocal laser-scanning microscope (LSM510, Zeiss) and analyzed using MetaMorph software (Universal Imaging). The image acquisition settings were kept constant during scanning. Images of distal thin neurites of cultured neurons from 3 to 10 independent experiments were captured for analysis. In image analysis, clusters were defined as discrete regions of immunoreactivity with an average fluorescence intensity at least 10-fold higher than that in background regions. Non-discrete regions were excluded from quantitative analysis. Colocalization between two puncta was defined as an overlap of Ͼ50% of each region, and colocalization analyses were performed blind. Approximately, 30 -50 clusters were analyzed per cell and average values from each of the cells were used to obtain final mean Ϯ S.E. Statistical significance was assessed using Student's t test.
RESULTS

Characterization of the Interaction between ERC and Liprin-␣ by a Yeast Two-hybrid
Assay-In a yeast two-hybrid screen (one million colonies) of a human brain cDNA library using liprin-␣4 as bait, we obtained a fragment of ERC2/CAST containing roughly the first half of the protein (aa 34 -535; full-length is 957 aa). The minimal liprin-␣-binding region in ERC2 was narrowed down to aa 118 -535 (Fig. 1A) . Conversely, the minimal ERC-binding region in liprin-␣1 was aa 351-602 (Fig. 1B) , which is distinct from the minimal GIT1-binding region (aa 603-673; Fig. 1B ) and the reported RIM-binding region (aa 200 -350) in liprin-␣1 (7). It should be noted that the minimal GIT1-binding region in liprin-␣1 (aa 603-673) was further narrowed down in this study from the one that we previously reported (aa 513-673) (10) . ERC2 interacted with all of the known liprin-␣ family members (liprin-␣1, liprin-␣2, liprin-␣3, and liprin-␣4) (Fig. 1C) .
ERC and Liprin-␣ Colocalize in Cultured Neurons and Heterologous Cells-To study ERC and liprin-␣ proteins in vivo, we generated ERC and liprin-␣ polyclonal antibodies against regions of ERC2 (aa 427-698, 1292 rabbit and 1296 guinea pig; aa 725-957, 1284 rabbit) and liprin-␣1 (aa 513-673, 1288 rabbit and 1290 guinea pig) (Fig. 1, A and B) . The 1292, 1296, and 1284 ERC2 antibodies reacted much more strongly with ERC2 than ERC1, whereas the 1288 and 1290 liprin-␣1 antibodies reacted specifically with liprin-␣1 rather than liprin-␣2 in immunoblot analysis (Fig. 2, A and B) . In brain, these antibodies recognized a single band of ERC2 and liprin-␣1 whose apparent molecular weight matched that of these proteins expressed in heterologous cells (Fig. 2, C and D) .
In immunofluorescence staining of cultured hippocampal neurons at 21 DIV, ERC2 showed a punctate distribution pat- tern and the majority of the ERC2 puncta colocalized with those of Piccolo, a presynaptic marker protein (Fig. 2E) . This finding suggests that ERC2 mainly distributes to synaptic sites and is consistent with the reported ultrastructural localization of ERC2 at active zones and the colocalization of ERC2 with other presynaptic marker proteins including Bassoon, RIM, and synapsin (21, 22) . In parallel immunohistochemical analyses, liprin-␣1 exhibited a similar punctate distribution pattern, but only a portion of the liprin-␣1 puncta colocalized with those of Piccolo (Fig. 2F) . This finding suggests that liprin-␣1 is partially synaptic, a result that is consistent with previous reports (10, 16) .
In double-labeled immunofluorescence staining assays of cultured neurons, ERC2 often colocalized with liprin-␣1 at various subcellular sites (probably presynaptic sites) of mature neurons (DIV 21, Fig. 3A) . Previously, ERC2 and liprin-␣ (liprin-␣1 and liprin-␣2) have been shown to distribute to small puncta in the growth cones of young cultured neurons (DIV 2-4) (10, 16, 21) . When tested for their colocalization in young cultured neurons (DIV 2) in our experiments, both proteins were detected in a large number of puncta within the growth cones and some of the ERC2 puncta clearly colocalized with liprin-␣1 puncta (Fig. 3B) . These results suggest that ERC2 and liprin-␣1 colocalize in vivo.
In heterologous cells, singly expressed liprin-␣1 was diffusely distributed throughout the cells (Fig. 3C) , whereas ERC2 formed intracellular aggregates (Fig. 3D) , which extensively colocalized with BiP, a marker protein for the endoplasmic reticulum (data not shown). When both proteins were coexpressed, a significant portion of liprin-␣1 was redistributed to and colocalized with ERC2 aggregates (Fig. 3E) . These results further suggest that ERC associates with liprin-␣.
ERC Forms a Complex with Liprin-␣ in Vitro and in Vivo-
We tested for the interaction between ERC and liprin-␣ in a GST pull-down assay (Fig. 4A-D) . GST fusion proteins containing liprin-␣ isoforms (liprin-␣1, liprin-␣2, liprin-␣3, and liprin-␣4) pulled down ERC2 expressed in heterologous cells (Fig. 4A) . GST-liprin-␣1 (aa 351-673) containing the minimal ERC-binding region but not the control GST fusion proteins brought down ERC2 (Fig. 4B) . Conversely, GST-liprin-␣1 pulled down all of the deletion variants of ERC2 that contain the minimal liprin-␣-binding region (Fig. 4C) , consistent with the yeast two-hybrid results (Fig. 1, A and B) . Moreover, GST-liprin-␣1 (aa 351-673) brought down hexahistidine (H 6 )-tagged ERC2 full-length (aa 1-957) but not H6-ERC2 (aa 725-957) lacking the liprin-␣-binding region (Fig. 4D) , suggesting that ERC directly interacts with liprin-␣.
In doubly transfected HEK293T cells, liprin-␣1 formed a complex with the deletion variants of ERC2 that contain the minimal liprin-␣-binding region (full-length, aa 1-954, and aa 1-693) but not with ERC2 (aa 773-957) (Fig. 4, E-I) . In addition to liprin-␣1, liprin-␣2 formed a complex with ERC2 ( Fig.  4J ) and liprin-␣1 formed a complex with ERC1 in addition to ERC2 (Fig. 4K) . These results along with the yeast two-hybrid and GST pull-down results (Figs. 1C and 4A ) suggest that the ERC family proteins (ERC1 and ERC2) interact with all of the known members of the liprin-␣ family.
From the lysates of the crude synaptosomal fraction of adult rat brain, liprin-␣1 (1288) antibodies brought down liprin-␣1 and coprecipitated ERC2 and other liprin-␣1-associated proteins including GIT1 and GRIP2 but not GKAP and PSD-95 (Fig. 4L) . In addition, ERC2 antibodies coimmunoprecipitated liprin-␣1, GIT1, GRIP2, and RIM but not PSD-95 and GKAP (Fig. 4, L and M) . These results suggest that ERC and liprin-␣ form a complex in vivo.
Overexpression of ERC2 Increases the Synaptic Levels of Liprin-␣1 in Cultured Neurons-It has been reported that ERC2 plays a role in the presynaptic localization of RIM1 (21) . Thus, we tested whether ERC2 is also involved in the presynaptic localization of liprin-␣. To this end, we first determined the subcellular distribution of ERC2 and liprin-␣1 in cultured neurons. When expressed alone in cultured hippocampal neurons (DIV 7), EGFP-tagged ERC2 (EGFP-ERC2) showed a punctate distribution pattern along the length of neurites and EGFP-ERC2 clusters colocalized well with endogenous Piccolo (Piccolo-positive EGFP-ERC2 clusters ϭ 97.5 Ϯ 1.4%, n ϭ 10 cells; EGFP-ERC2-positive Piccolo clusters ϭ 69.4 Ϯ 3.1%, n ϭ 23, 1271 clusters, Fig. 5A ). This finding suggests that despite the ϳ5.5-fold higher expression level of EGFP-ERC2 compared with that of endogenous ERC2 (determined by comparison of immunofluorescence intensity, data not shown), EGFP-ERC2 mainly distributes to synaptic sites, similar to the distribution pattern of endogenous ERC2 (21, 22) .
HA-tagged liprin-␣1 (HA-liprin-␣1) expressed alone in cultured neurons also showed a punctate distribution pattern, but each liprin-␣1 cluster was often indiscrete and had an elongated shape. In addition, liprin-␣1 clusters only partially colocalized with endogenous ERC2 or Piccolo clusters (Fig. 5B , an example of double staining for HA-liprin-␣1 and ERC2). In quantitative analysis, only 20.7 Ϯ 2.4% (n ϭ 17) of ERC2 clusters and 10.1 Ϯ 2.0% Piccolo clusters (n ϭ 15) were HAliprin-␣1-positive. Measurement of the percentage of ERC2-or Piccolo-positive HA-liprin-␣1 clusters was not attempted because liprin-␣1 often formed indiscrete clusters along the length of neurites. These results suggest that HA-liprin-␣1 is partially synaptic, similar to the distribution pattern of endogenous liprin-␣1 (10, 16) .
We then determined the subcellular distribution of EGFP-ERC2 and HA-liprin-␣1 coexpressed in cultured neurons. Intriguingly, HA-liprin-␣1 showed a prominent colocalization with EGFP-ERC2 clusters (liprin-␣1-positive ERC2 clusters ϭ 90.8 Ϯ 2.6%, n ϭ 17, Fig. 5C ; quantitation summarized in Fig.  5J ). These results indicate that the synaptic localization of liprin-␣1 is increased by ERC2 coexpression.
To determine the regions of ERC2 that promote synaptic localization of liprin-␣1, we employed deletion variants of EGFP-ERC2 (aa 1-954, 1-693, and 773-957; schematic diagrams shown in Fig. 4C ). We first tested whether these variants are localized to synaptic sites by themselves. When compared with the full-length ERC2 (97.5% synaptic localization), ERC2 aa 1-954 and 1-693 showed a slightly reduced but still significant synaptic localization (83.2 Ϯ 3.1% (n ϭ 16) and 79.4 Ϯ 4.2% (n ϭ 8) of their clusters, respectively, were Piccolopositive), whereas aa 773-957 of ERC2 showed a mainly diffuse distribution, similar to the previous results (21) (Fig. 5, D-F ; see quantitation in Fig. 5K) .
When tested for their ability to enhance liprin-␣1 targeting, ERC2 (aa 1-954 and 1-693 but not aa 773-957) promoted the synaptic localization of liprin-␣1 (91.0 Ϯ 2.4% (n ϭ 10) and 89.8 Ϯ 4.3% (n ϭ 7) of ERC clusters, respectively, were HAliprin-␣1-positive in Fig. 5 , G-I; see quantitation in Fig. 5L ), similar to that induced by full-length ERC2 (90.8 Ϯ 2.6%). These results suggest that roughly the N-terminal half of ERC2 (aa 1-693) plays a major role in promoting the synaptic localization of liprin-␣1.
DISCUSSION
Functions of the Interaction between ERC and Liprin-␣-Our in vitro data indicate that both ERC isoforms (ERC1b and ERC2) associate with liprin-␣1 and that ERC2 associates with all of the known isoforms of liprin-␣ (Figs. 1 and 4 ). Different ERC isoforms show different subcellular distribution patterns. ERC1b distributes to both cytosolic and active zone regions while ERC2 localizes to active zones (21, 22) . Similar to ERC1b, liprin-␣ distributes to both synaptic and nonsynaptic sites (10, 16, 19, 22) , although the detailed subcellular distribution patterns of the four known liprin-␣ isoforms remain largely unknown. In characterizing the in vivo association of ERC and liprin-␣ in this study, we used antibodies against a subset of all of the known isoforms, namely ERC2 and liprin-␣1. Therefore, the in vivo colocalization and coimmunoprecipitation of ERC2 and liprin-␣1 revealed in this study (Figs. 3 and 4 ) may represent only a small fraction of the in vivo associations that may occur in various other subcellular compartments. The generation of additional isoform-specific antibodies will allow a more systematic analysis of their in vivo association in future studies.
However, we may speculate on the functions of the ERCliprin-␣ interaction observed in this study. Our data indicate that the synaptic levels of liprin-␣1 are markedly increased by coexpression of ERC2 in cultured neurons (Fig. 5 ) and that this enhancement is mediated by the N-terminal half of ERC2 (Fig.  5) , which contains the minimal liprin-␣-binding region (Fig. 1) . A simple interpretation of these results is that ERC2, through its interaction with liprin-␣1, may recruit liprin-␣1 to presynaptic active zones. However, this may not represent a physiological situation because it is not known whether the presynaptic levels of ERC2 are dynamically regulated. A more plausible hypothesis is that ERC2 may be involved in the stabilization of liprin-␣ at the presynaptic active zone, although further details remain to be determined. In the case of ERC1b, its association with liprin-␣ is likely to occur both in the cytosol and the active zone. At the active zone, ERC1b may be involved in the presynaptic stabilization of liprin-␣ in a manner similar to that hypothesized for ERC2.
It is also possible that the ERC-liprin-␣ interaction may be involved in the regulation of membrane traffic at the active zone. Recent results have indicated that presynaptic active zones are formed by the insertion of preassembled active zone precursor vesicles into the presynaptic plasma membrane (34 -36) . Thus, it is conceivable that ERC may associate with liprin-␣ on the surface of cytosolic precursor vesicles and that the ERC-liprin-␣ interaction may play a role in the surface delivery of these vesicles. This is supported by the observation that ERC1 binds to Rab6 (23), a small GTPase implicated in the regulation of post-Golgi traffic in neurons (25) . Similarly, liprin-␣ is linked to ARFs, small GTPases known to regulate membrane traffic (18) through GITs (10) . In this context, an interesting possibility is that the interaction between ERC and liprin-␣ may mediate the integration of the Rab6 and ARF signaling pathways for the regulation of membrane traffic.
And finally, the ERC-liprin-␣ interaction may assist in a kinesin-mediated neuronal transport. We recently reported that the KIF1A kinesin motor associates with liprin-␣ and liprin-␣-interacting RIMs, which suggests the possibility that liprin-␣ links KIF1A to cargo vesicles containing various liprin-␣-binding proteins including RIMs and ERCs (19) . This hypothesis is supported by immunohistochemical studies on cultured neurons that have indicated that both ERC1b and liprin-␣ are detected in neuronal cell bodies in addition to synaptic sites (16, 22) . ERC2 colocalizes with liprin-␣1 in fine puncta in growth cones of young neurons (Fig. 3B) , which are thought to represent active zone precursor vesicles (34, 35) . In addition, ERC2 and RIM1 are detected in vesicles immunoisolated with antibodies against Bassoon (a good marker of active zone precursor vesicles) (21) .
ERC-Liprin-␣ Interaction and Organization of the CAZ-The interaction of liprin-␣ with RIMs is mediated by a region of liprin-␣ (aa 200 -350 in liprin-␣1) that is distinct from the ERC-binding region (aa 351-602, Fig. 1 ) and that associates with the C 2 B domain of RIMs (7). This finding suggests that ERC2, in addition to its direct interaction with the PDZ domain of RIMs through its C terminus, is indirectly linked to RIMs through liprin-␣. Although the function of this tripartite interaction remains to be determined, one possibility is that ERC may employ two distinct molecular mechanisms, direct and indirect, to ensure the synaptic accumulation of RIMs, which are important regulators of neurotransmitter release and presynaptic long-term potentiation (7, 37, 38) . In support of the role of liprin-␣ in the ERC-dependent synaptic localization of RIMs, we note that the RIM1 mutant lacking the PDZ domain shows some (although mainly diffuse) synaptic localization in cultured neurons (21) , suggesting that regions of RIMs other than the PDZ domain, such as their Zn 2ϩ -fingers and C 2 domains, may assist its synaptic localization. In addition, RIM/ UNC-10 is mislocalized in C. elegans liprin-␣/SYD-2 mutants (7). Conversely, the abundance and solubility of ERC and liprin-␣ proteins are not changed in RIM1 knock-out mice (7, 22) .
There are only a few known active zone scaffold (or CAZ) proteins including Piccolo, Bassoon, ERC, RIM, Munc13, and liprin-␣ (1, 2), but the molecular mechanisms that link them together remain largely unknown. It is interesting to note that our finding of the ERC-liprin-␣ interaction provides a molecular link to bring some of the CAZ components together: (RIM or ERC)-liprin-␣-GIT-Piccolo. Although this may not be a complete picture, our work may provide a useful first step toward a more comprehensive understanding of the molecular organization of the active zone.
